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1. INTRODUCTION {#emp212040-sec-0010}
===============

Since the December 31, 2019 report of 44 cases of "pneumonia of unknown etiology" by national authorities in China to the World Health Organization (WHO), over 30,000 cases of coronavirus disease 2019 (COVID 19, formerly 2019 novel Coronavirus or 2019‐nCoV) have been confirmed.[^1^](#emp212040-bib-0001){ref-type="ref"}, [^2^](#emp212040-bib-0002){ref-type="ref"} While the virus' behavior, clinical features, and management have been described in reports elsewhere, less has been done to detail the public health response to the crisis. Mimicking the rapid spread of the virus, the hourly expansion of misinformation on television, news reports, and social media have obscured the actual communication by international health authorities to medical professionals and the wider public.[^3^](#emp212040-bib-0003){ref-type="ref"} While the health community mobilizes to contain the virus, emergency providers outside China have a duty to address the growing public fear with accepted principles of public health. To do so, we must understand the expected progression of the response to an outbreak.

This review is intended to parse through the ever‐evolving details of the COVID‐19 crisis and explain the expected evolution of the international public health response. We look back at past pandemics, their economic and societal impacts, the players in a public health response to address such a crisis, and how those tools are being utilized in the COVID‐19 outbreak.

2. PAST PANDEMICS AND THEIR IMPACT {#emp212040-sec-0020}
==================================

2.1. Looking back: a review of SARS‐2003 {#emp212040-sec-0030}
----------------------------------------

To better understand the current novel coronavirus outbreak as well as the robust Chinese public health response, it is useful to examine the initial local and national reactions to the 2003 Severe Acute Respiratory Syndrome (SARS) coronavirus outbreak. The apparent index case starting the SARS epidemic was reported in Guangdong Province, a coastal province in South China, in November 2002. After a local government official became ill, then succumbed to the infection, several other cases were reported in surrounding cities.[^4^](#emp212040-bib-0004){ref-type="ref"}

In mid‐December 2002, local health authorities took notice, followed by rapid notification of the provincial government and the national Ministry of Health by January 2003. Initial investigative reports of the outbreak were marked "top secret" and could only be opened by high‐ranking officials. No public notifications had been made at this point and no mention was made of the outbreak in the news media until at least February 2003. This "fatal period of hesitation" led to wide‐spread speculation and fear among the local population and rumors of a "deadly flu" began to spread, undermining public trust in the government\'s response. Even following initial news conferences describing the outbreak, government officials continued to minimize the risks of the outbreak. Not until April 2003 did the Chinese Center for Disease Control and Prevention (CDC) issue a nationwide bulletin on preventing spread of the illness, by which time outbreaks had already occurred in Hong Kong, Vietnam, Singapore, and Toronto, Canada, among others.

Once mobilized, the Chinese public health machine was able to quickly control and ultimately eliminate the outbreak within a year.[^5^](#emp212040-bib-0005){ref-type="ref"} It remains unclear how much damage could have been avoided had the Chinese government been able and willing to communicate accurate outbreak data in a transparent and timely manner. One of the most striking features of the current COVID‐19 outbreak are the reports of detainment of journalists, threats to whistleblowers, punishment of government officials, and deletion of social media posts in apparent efforts to control the image of the outbreak. This has contributed to a widespread distrust of the communications by the Chinese government and public health officials reminiscent of the SARS epidemic.[^6^](#emp212040-bib-0006){ref-type="ref"}

2.2. The health care, economic, and social impact of a pandemic {#emp212040-sec-0040}
---------------------------------------------------------------

As illustrated by the SARS epidemic, outbreaks have impacts beyond the immediate effects of case fatality. They set into motion broader and indirect health consequences, short‐ and long‐term economic impacts, and social disturbances which are far‐reaching and predictable.

### 2.2.1. The impact on health care {#emp212040-sec-0050}

During the initial period of outbreak, health care resources are often diverted away from providing routine care and shifted to outbreak management. During the 2014--2015 Ebola crisis in West Africa, the health care systems of Liberia, Sierra Leone, and Guinea resulted in a reduction in the ability to provide routine care for HIV/AIDS, malaria, and tuberculosis.[^7^](#emp212040-bib-0007){ref-type="ref"} One author estimated this reduction in services cost \>10,600 additional lives, rivaling the total death toll due to Ebola of the 3 countries combined.[^8^](#emp212040-bib-0008){ref-type="ref"}, [^9^](#emp212040-bib-0009){ref-type="ref"} Although some of this increased mortality is likely due to the limitations of health care in that region, an issue not shared by China, developed nations are also at risk for indirect increases in mortality. During the 2009 H1N1 influenza pandemic, US‐based emergency departments saw surges in visits. Despite a lack of increased admissions, study hospitals still experienced statistically a higher number of inpatient deaths attributable to stroke and myocardial infarction.[^10^](#emp212040-bib-0010){ref-type="ref"}

### 2.2.2. The economic impact {#emp212040-sec-0060}

The SARS outbreak ultimately led to \>700 deaths, affected 37 countries and resulted in an estimated cost to the world economy of US\$40 billion.[^7^](#emp212040-bib-0007){ref-type="ref"}, [^8^](#emp212040-bib-0008){ref-type="ref"} While the full extent of its impact remains to be seen, the COVID‐19 will have short term financial impacts primarily derived from the cost of sentinel case identification and containment. Additional personnel hours are needed to isolate infectious cases and implement effective case tracing. Bedside care of these cases expends disposable medical dollars (medications, single‐use personal protective equipment and care delivery items). Yet these direct costs pale in comparison to indirect economic expenditures. In 2015, the World Bank estimated that the 3 Ebola epicenter countries experienced a loss of \>US\$1.6 billion which reflected 12% of their gross domestic product (GDP). Low‐ and middle‐income countries (LMIC) have decreased ability to maintain tax revenue streams during stalled economic activity and government implemented curfews and quarantines, although it is yet unclear if this will apply to a high‐income country like China.[^9^](#emp212040-bib-0009){ref-type="ref"} Neighboring LMICs to an epidemic will likely experience economic stunting. Despite not having a single confirmed case of Ebola, The Gambia reported a 65% reduction in hotel bookings and a cancelation of 50% of inbound planes.[^11^](#emp212040-bib-0013){ref-type="ref"} However, high income countries are not totally immune to fiscal shocks during outbreaks. Despite hospitalizing only 186 people, the Middle East respiratory syndrome (MERS) coronavirus cost the Republic of Korea \>US\$2.6 billion in lost tourism wages.[^12^](#emp212040-bib-0014){ref-type="ref"} Economic fallout will likely be tangible worldwide, as 2018 data indicates China has the world\'s second largest economy, with a GDP of \>US\$13.6 trillion, 16% of the global economy.[^13^](#emp212040-bib-0015){ref-type="ref"}

### 2.2.3. The societal impact {#emp212040-sec-0070}

There is a large penumbra of social capital at risk during the COVID‐19 outbreak. Public health emergencies splash constantly across news headlines and social media platforms. In a positive sense, researchers have demonstrated the ability to harness this open source information and created an entire field called "digital epidemiology." Twitter data has been used to track surveillance for outbreaks and responses to interventions.[^14^](#emp212040-bib-0016){ref-type="ref"} Alternatively, misinformation, perceived versus actual risk and fear‐based communication strategies can become normative. The recent Zika emergency revealed that repetitive exposures to media messages can demonstrably augment fear.[^15^](#emp212040-bib-0017){ref-type="ref"} This fear may lead to palpable changes in behavior patterns. Retrospective analysis of prior outbreaks shows both over‐ and under‐reaction to health information. In response to alarm‐based messaging the populace has both mass‐exited and not complied with quarantines, burdened and underutilized health systems, and ignored and demanded extraordinary precautionary measures. Locations and people groups that are low risk for being threats experience fallout and social ostracism.[^16^](#emp212040-bib-0018){ref-type="ref"} The COVID‐19 has followed suit with accounts of uninformed acts of racism against French Asians, detainments of 6000 cruise ship passengers, airline route suspensions, and country border closures.[^17^](#emp212040-bib-0019){ref-type="ref"}, [^18^](#emp212040-bib-0020){ref-type="ref"}, [^19^](#emp212040-bib-0021){ref-type="ref"} On February 2nd, the WHO released a situation report stating they are in a fight against an "infodemic" (overabundance of information of varying accuracy) and will utilize multiple media platforms to inform the public.[^20^](#emp212040-bib-0022){ref-type="ref"}

3. THE PUBLIC HEALTH RESPONSE {#emp212040-sec-0080}
=============================

3.1. Players in a public health response {#emp212040-sec-0090}
----------------------------------------

The global public health response is less a structured hierarchy than a complex web of organizations with specific roles working together to address specific issues.[^21^](#emp212040-bib-0023){ref-type="ref"} Table [1](#emp212040-tbl-0001){ref-type="table"} and Figure [1](#emp212040-fig-0001){ref-type="fig"} detail the primary roles of some key stakeholders, and illustrate their interactions.

###### 

Global health governance

+----------------------------------------------------------------------------------------------------+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| Organization                                                                                       | COVID‐19 outbreak role                                                                                                                                                                                                                                           |
+:===================================================================================================+:=================================================================================================================================================================================================================================================================+
| Global                                                                                             |                                                                                                                                                                                                                                                                  |
+----------------------------------------------------------------------------------------------------+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| World Health Organization[^22^](#emp212040-bib-0024){ref-type="ref"}                               | Surveillance and notificationFacilitate communication between NPHIsAssess and promote community engagement and readinessTechnical guidance for individual country readiness: situation reports, inpatient and home care guidelinesAccelerated research blueprint |
+----------------------------------------------------------------------------------------------------+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| National/Regional                                                                                  |                                                                                                                                                                                                                                                                  |
+----------------------------------------------------------------------------------------------------+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| China Center for Disease Control and Prevention[^23^](#emp212040-bib-0025){ref-type="ref"}         | Primary public health responderInitial reports of outbreak to WHO and international communityReleased first case definitionsEpidemiological updatesQuarantine of Wuhan in concert with other governmental entitiesResearchVaccine development                    |
|                                                                                                    |                                                                                                                                                                                                                                                                  |
| (Chinese NPHI[^a^](#emp212040-tbl1-note-0002){ref-type="fn"})                                      |                                                                                                                                                                                                                                                                  |
+----------------------------------------------------------------------------------------------------+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| United States Center for Disease Control and Prevention[^24^](#emp212040-bib-0026){ref-type="ref"} | Provide case definitions and criteria for PUICoordinate with state departments of health to create protocols of PUI identification, infection control, facilities management, patient transferPromote research                                                   |
|                                                                                                    |                                                                                                                                                                                                                                                                  |
| (U.S.A. NPHI)                                                                                      |                                                                                                                                                                                                                                                                  |
+----------------------------------------------------------------------------------------------------+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| European Center for Disease Control and Prevention[^25^](#emp212040-bib-0027){ref-type="ref"}      | Assist EU facilities and clinicians in preparation and prevention of outbreak in EUEuropean clinician guidelinesResearch                                                                                                                                         |
|                                                                                                    |                                                                                                                                                                                                                                                                  |
| (NPHI for European Union States)                                                                   |                                                                                                                                                                                                                                                                  |
+----------------------------------------------------------------------------------------------------+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| Non‐governmental/philanthropic                                                                     |                                                                                                                                                                                                                                                                  |
+----------------------------------------------------------------------------------------------------+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| Non‐governmental organizations providing emergency response care such as Medecins San Frontieres   | No defined role in this outbreak                                                                                                                                                                                                                                 |
+----------------------------------------------------------------------------------------------------+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+
| Philanthropic foundations such as Gates Foundation or individual contributors                      | Research and development grants                                                                                                                                                                                                                                  |
+----------------------------------------------------------------------------------------------------+------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------+

Key stakeholders and their role in the COVID‐19 outbreak.

National Public Health Institute. PUI: persons under investigation.

John Wiley & Sons, Ltd.

This article is being made freely available through PubMed Central as part of the COVID-19 public health emergency response. It can be used for unrestricted research re-use and analysis in any form or by any means with acknowledgement of the original source, for the duration of the public health emergency.

![Progression of a global health response](EMP2-9999-na-g001){#emp212040-fig-0001}

### 3.1.1. The World Health Organization {#emp212040-sec-0100}

The WHO, an agency of the United Nations and empowered by the International Health Regulations 2005 (IHR 2005), serves as the primary international body coordinating the public health response to major multi‐national outbreaks. The IHR 2005 is a legally binding international treaty signed by all WHO members compelling governments and allowing non‐governmental organizations to report outbreaks to the WHO, and compelling states to take an active role in disease surveillance.[^21^](#emp212040-bib-0023){ref-type="ref"} The WHO functions as a central repository and conduit for information about new diseases and outbreaks, releasing updates, and providing urgent international expertise through its Global Outbreak Alert and Response Network (GOARN).[^27^](#emp212040-bib-0029){ref-type="ref"} A given outbreak may then be declared a Public Health Emergency of International Concern (PHEIC), which "constitutes a public health risk to other states and potentially requires an international response" and serves as a call to urgent action, international expertise, attention, and funding, though these are not legally bound as with the IHR.[^27^](#emp212040-bib-0029){ref-type="ref"}, [^28^](#emp212040-bib-0030){ref-type="ref"}, [^29^](#emp212040-bib-0031){ref-type="ref"}

### 3.1.2. National public health institutes {#emp212040-sec-0110}

National public health institutes (NPHI) perform many of the practical functions of surveillance and containment in public health and function independently of any international organization, but NPHIs communicate voluntarily with the WHO for the purpose of monitoring and surveillance.[^30^](#emp212040-bib-0032){ref-type="ref"} In the case of COVID‐19, the Chinese CDC has functioned as the NPHI involved in the crisis.

### 3.1.3. United States CDC {#emp212040-sec-0120}

The U.S. CDC, as with other national governmental bodies, has the explicit goal of preventing sustained outbreaks like COVID‐19 within the borders of its own country, but also contributes significantly to ongoing publicly shared research in disease transmission, diagnostics, vaccine development, and therapeutics, as well as by offering guidelines to front‐line clinicians, and coordinating with both the WHO and local health departments.[^31^](#emp212040-bib-0033){ref-type="ref"}

### 3.1.4. Government ministries and non‐governmental organizations {#emp212040-sec-0130}

Government agencies such as departments of health, defense, and immigration are often involved in investigation, vaccination, diagnosis, traveler screening, enforcing travel restrictions or quarantine, and logistics support.

With a large number of stakeholders and the WHO functioning as more of a network and data conduit, a certain amount of decentralization is inevitable. This decentralization, as well as inherent uncertainty, fear, and potential mistrust of government officials by the public (or by individual governments towards international bodies) in the early days of a public health emergency requires significant transparency to build trust and allow collaboration.[^21^](#emp212040-bib-0023){ref-type="ref"}, [^32^](#emp212040-bib-0034){ref-type="ref"} Officials and agencies must fully disclose what is, and what is not, known about a public health emergency to facilitate the most robust yet proportionate response. There are often no clear incentives for states to declare epidemics, and governments already struggling to meet the long‐term needs of citizens and facing trade limitations or damage to their tourist industries may be hesitant to do so, further underscoring the need for transparency.[^29^](#emp212040-bib-0031){ref-type="ref"}, [^33^](#emp212040-bib-0035){ref-type="ref"}

3.2. Strategies in a public health response {#emp212040-sec-0140}
-------------------------------------------

### 3.2.1. Identifying and characterizing an outbreak {#emp212040-sec-0150}

The process of establishing the existence of an outbreak begins with the report of a cluster of cases that is unusual in incidence, location, or in relation to each other.[^34^](#emp212040-bib-0036){ref-type="ref"} The report is followed by implementation of a plan. Outcomes improve when countries have a pandemic plan and move quickly to establish protocols that limit the spread of an outbreak.[^35^](#emp212040-bib-0037){ref-type="ref"} These include establishing case definitions, designating persons under investigation (PUI), pursuit of diagnostic tests, continuing incidence surveillance, and characterization of morbidity and case fatality rate (CFR). These key characteristics for COVID‐19 are listed in Table [2](#emp212040-tbl-0002){ref-type="table"}.

###### 

Characteristics of COVID‐19 outbreak

+-------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------+-----------------------------------------------------------------------------+
| Element                                                                       | COVID‐19 outbreak                                                                               |                                                                             |
+:==============================================================================+:================================================================================================+:============================================================================+
| Case definition                                                               | Positive diagnostic test (PCR of viral mRNA) in a PUI                                           |                                                                             |
|                                                                               |                                                                                                 |                                                                             |
| (confirmed case)                                                              |                                                                                                 |                                                                             |
+-------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------+-----------------------------------------------------------------------------+
| Person under investigation[a](#emp212040-tbl2-note-0001){ref-type="fn"} (PUI) | [Clinical features]{.ul}                                                                        | [Epidemiologic risk]{.ul}                                                   |
|                                                                               |                                                                                                 |                                                                             |
|                                                                               | Fever and/or signs/symptoms of respiratory illness                                              | Close contact with confirmed caseTravel to region with ongoing transmission |
+-------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------+-----------------------------------------------------------------------------+
| Incubation period                                                             | 2‐14 days                                                                                       |                                                                             |
+-------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------+-----------------------------------------------------------------------------+
| Mode of transmission                                                          | Origin: possibly bats in Wuhan food market                                                      |                                                                             |
|                                                                               |                                                                                                 |                                                                             |
|                                                                               | Person‐to‐person spread: likely via droplets                                                    |                                                                             |
|                                                                               |                                                                                                 |                                                                             |
|                                                                               | Areas of investigation: airborne transmission, fomite duration, and other modes of transmission |                                                                             |
+-------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------+-----------------------------------------------------------------------------+
| Incidence                                                                     | \>30,000 persons in \>25 countries[^2^](#emp212040-bib-0002){ref-type="ref"} confirmed          |                                                                             |
|                                                                               |                                                                                                 |                                                                             |
|                                                                               | Some estimates \>75,000 cases[^38^](#emp212040-bib-0040){ref-type="ref"}                        |                                                                             |
+-------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------+-----------------------------------------------------------------------------+
| Case fatality rate                                                            | ∼20% with severe disease                                                                        |                                                                             |
|                                                                               |                                                                                                 |                                                                             |
|                                                                               | ∼0.18% to 4% estimated overall CFR[^36^](#emp212040-bib-0038){ref-type="ref"}                   |                                                                             |
|                                                                               |                                                                                                 |                                                                             |
|                                                                               | ∼15% CFR in hospitalized patients[^36^](#emp212040-bib-0038){ref-type="ref"}                    |                                                                             |
+-------------------------------------------------------------------------------+-------------------------------------------------------------------------------------------------+-----------------------------------------------------------------------------+

A person under investigation is a patient who meets criteria for diagnostic testing. Level of epidemiologic risk inherent in exposure determines the number of clinical features required to constitute a PUI. See CDC guidelines for up‐date information regarding PUI: <https://www.cdc.gov/coronavirus/> COVID‐19/hcp/clinical‐criteria.html
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Determining the criteria for a PUI is a particular concern for emergency and other frontline medical providers. A patient who meets criteria for a PUI should initiate hospital protocols for infection control, provider PPE donning/doffing protocols, and immediate notification of state or other relevant public health entities for guidance in diagnostic testing and management. Patients who do not meet these criteria generally can forgo quarantine and testing at the provider and public health officials' discretion. The current CDC criteria for PUI are updated regularly on their website: <https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-criteria.html>.

Knowing the contagiousness of an infectious disease can aid with predicting its transmission and spread. Epidemiologists use the term R0 to indicate the number of people who are at risk for infection from a single infected individual. Epidemics become controlled when the R0 for a disease falls below 1. The R0 for COVID‐19 has been estimated at 1.4--2.7.[^36^](#emp212040-bib-0038){ref-type="ref"}, [^37^](#emp212040-bib-0039){ref-type="ref"}, [^38^](#emp212040-bib-0040){ref-type="ref"} By comparison the R0 for SARS was 3 and MERS was considered to be \<1.

### 3.2.2. Containing an outbreak {#emp212040-sec-0160}

Containment of past outbreaks such as SARS and Ebola has relied on the traditional public health strategies of evaluation of persons under investigation (those suspected but not confirmed of having the disease), exposure mapping or contact tracing, isolating and treating affected patients, and potentially quarantining those exposed but not symptomatic.[^35^](#emp212040-bib-0037){ref-type="ref"}, [^40^](#emp212040-bib-0042){ref-type="ref"} The unusually long incubation period (median 5.2 days, IQR 4.1--7, with 95th percentile at 12.5 days) has led to the WHO and CDC recommendation to quarantine certain individuals exposed to asymptomatic persons with potential COVID‐19 for up to 14 days after exposure.[^36^](#emp212040-bib-0038){ref-type="ref"} The recommendations have informed the decisions by multiple NPHIs to quarantine returned travelers in government facilities and to quarantine cruise ship passengers onboard multiple vessels.[^41^](#emp212040-bib-0043){ref-type="ref"}, [^42^](#emp212040-bib-0044){ref-type="ref"}

Rapid, specific, reliable, and inexpensive diagnostics, as well as vaccines and targeted anti‐virals, are also likely to be very helpful.[^33^](#emp212040-bib-0035){ref-type="ref"} If and when vaccines become available, public health officials employ a concept called ring vaccination where priority is given to people living within a preset radius of the outbreak epicenter.[^41^](#emp212040-bib-0041){ref-type="ref"} However, even when vaccines have been developed before an outbreak occurs, there are often insufficient quantities or import restrictions limiting distribution. Significant progress was made in the rapid development of an efficacious Ebola virus vaccine, leading to the creation of a research and development blueprint that will theoretically improve research and development of new vaccines to emerging infectious diseases such as COVID‐19.[^40^](#emp212040-bib-0042){ref-type="ref"}, [^42^](#emp212040-bib-0044){ref-type="ref"} While research is ongoing for effective antiviral medications, public health entities may also pursue compassionate use of existing antiviral medications. Examples of this include the use of remdesivir in the United States and lopinavir/ritonavir in Asia.[^43^](#emp212040-bib-0045){ref-type="ref"}, [^44^](#emp212040-bib-0046){ref-type="ref"}, [^45^](#emp212040-bib-0047){ref-type="ref"} See Table [3](#emp212040-tbl-0003){ref-type="table"} for further discussion of public health interventions.

###### 

Typical public health strategies for epidemic containment

+-----------------------+---------------------------------------------------------------------------------------------+
| Strategy              | COVID‐19 response                                                                           |
+:======================+:============================================================================================+
| Symptom screening     | Airport temperature measurements[^46^](#emp212040-bib-0048){ref-type="ref"}                 |
|                       |                                                                                             |
|                       | Drone‐equipped thermal cameras[^47^](#emp212040-bib-0049){ref-type="ref"}                   |
|                       |                                                                                             |
|                       | Emergency department and clinic triage screening[^48^](#emp212040-bib-0050){ref-type="ref"} |
+-----------------------+---------------------------------------------------------------------------------------------+
| Quarantine            | Wuhan city‐wide quarantine[^49^](#emp212040-bib-0051){ref-type="ref"}                       |
|                       |                                                                                             |
|                       | Maritime and cruise ship quarantine[^50^](#emp212040-bib-0052){ref-type="ref"}              |
|                       |                                                                                             |
|                       | U.S. military base quarantine[^51^](#emp212040-bib-0053){ref-type="ref"}                    |
+-----------------------+---------------------------------------------------------------------------------------------+
| Travel restrictions   | Russia and Hong Kong border closure[^52^](#emp212040-bib-0054){ref-type="ref"}              |
|                       |                                                                                             |
|                       | Airline cancellations[^53^](#emp212040-bib-0055){ref-type="ref"}                            |
|                       |                                                                                             |
|                       | Traveler evacuations from Hubei Province[^54^](#emp212040-bib-0056){ref-type="ref"}         |
+-----------------------+---------------------------------------------------------------------------------------------+
| Future considerations | Vaccine research and development[^55^](#emp212040-bib-0057){ref-type="ref"}                 |
|                       |                                                                                             |
|                       | Ring vaccination program                                                                    |
|                       |                                                                                             |
|                       | Use and development of Antivirals[^56^](#emp212040-bib-0058){ref-type="ref"}                |
+-----------------------+---------------------------------------------------------------------------------------------+
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4. THE INITIAL COVID‐19 PUBLIC HEALTH RESPONSE {#emp212040-sec-0170}
==============================================

On January 30, 2020 the World Health Organization (WHO) took the "last resort" step of declaring a PHEIC, only the 6th time the WHO has been galvanized to take such an action.[^57^](#emp212040-bib-0060){ref-type="ref"} The announcement came amid reports of evacuation, lockdown, quarantine, travel restrictions and international border closures. The COVID‐19 has demonstrated the challenges and successes when applying these public health principles to an ongoing crisis.

4.1. Challenges in the COVID‐19 public health response {#emp212040-sec-0180}
------------------------------------------------------

Shortcomings often emerge in the first few weeks of an outbreak and have emerged in COVID‐19 pandemic.[^58^](#emp212040-bib-0061){ref-type="ref"} Incomplete or poorly communicated preliminary data may hamper the national and international response. For example, the relatively low CFR rate (∼2% compared to \>60% in Ebola Virus cases, \>30% in MERS‐CoV cases, and \>9% in SARS‐CoV cases) raises concerns for subclinical and unreported infections.[^59^](#emp212040-bib-0062){ref-type="ref"} This restricts public health officials' ability to determine whether this ongoing Chinese epidemic (widespread disease transmission within a nation) has yet made the jump to a pandemic (widespread disease transmission occurring in multiple nations). Similarly, the competence of the Chinese CDC in identifying the outbreak and implementing rapid control measures is threatened by reports of "narrative controlling" preventing effective communication between frontline practitioners and the global outbreak response.[^60^](#emp212040-bib-0063){ref-type="ref"} In an outbreak that seems to change hourly, a delay of days or weeks diminishes the responders' ability to truly assess the impact, transmissibility, extent of spread, and virulence of the disease. As such, much of the characterizations of COVID‐19 should be understood as preliminary and subject to change as data becomes more readily available.

These persistent knowledge gaps regarding the outbreak remain concerning. The European Center for Disease Prevention and Control (ECDC) rapid risk assessment publication on January 22, 2020 points out that "in the absence of detailed information from the ongoing outbreak investigations in China, it is not possible to quantify the extent of human‐to‐human transmission." A similar concern exists regarding the Chinese algorithm for testing, case definitions, means of identifying PUIs, or surveillance of contacts.[^61^](#emp212040-bib-0064){ref-type="ref"} Without this information it remains difficult for NPHIs to determine specific risk of transmission, quantify virulence, or estimate CFR with any certainty. Some of the more extreme policies enacted by individual governments may stem from this deficit in effective communication and transparency.

In addition to a lack of transparency, some experts have also called into question the specific measures employed by the Chinese government. A recent review of the efficacy of travel checkpoint temperature screening during the Ebola Virus and SARS outbreaks revealed that no cases were identified by these measures.[^62^](#emp212040-bib-0065){ref-type="ref"} The complete lockdown of the city of Wuhan is an unprecedented intervention, and its efficacy will be of great interest to the public health community.

4.2. Successes in the COVID‐19 public health response {#emp212040-sec-0190}
-----------------------------------------------------

There are some improvements in the Chinese response to the crisis as compared to prior public health events. In contrast to the decisions made by Chinese health authorities and government officials during the 2003 SARS outbreak, the existence of the initial patient cluster was rapidly reported to the WHO China Office in December 2019, with a novel coronavirus being identified by early January 2020. The speed of cluster identification and pathogen isolation is likely due to additional investment in public health resources and infrastructure by China\'s CDC.[^8^](#emp212040-bib-0008){ref-type="ref"} The Chinese government has demonstrated commitment to controlling spread of the virus, including closure of the seafood market in Wuhan, cessation of public transport, screening at travel checkpoints, travel restrictions, closure of cultural landmarks and businesses, and cancellation of the Lunar New Year celebrations.[^61^](#emp212040-bib-0064){ref-type="ref"}, [^63^](#emp212040-bib-0066){ref-type="ref"} Media sources and inhabitants of Wuhan have described the situation as "complete lockdown" in a city of \>11 million people, representing an "unprecedented public health intervention."[^61^](#emp212040-bib-0064){ref-type="ref"}

5. CONCLUSION {#emp212040-sec-0200}
=============

As hospital systems and emergency departments monitor and prepare for the COVID‐19 outbreak, there are still many unanswered questions. The situation is dynamic with cases identified nearly hourly. The stakes are high, as the CFR and morbidity of the virus appears to be higher than influenza. The extent of media coverage regarding this outbreak means that the management of any cases identified outside of China will be heavily scrutinized both regarding disease‐related outcomes and the adherence to public health guidelines for protection of the larger population. It is imperative that providers are familiar with the public health considerations of encountering a person under investigation or confirmed case. To this end, providers should take care to consume accurate and timely information to inform their respective institution\'s triage and treatment practices. For links to updated guidelines please see Appendix A. While progression to a pandemic may not be inevitable, emergency and other front‐line medical providers have an obligation to stand in readiness.
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CDC Guidelines for Healthcare Professionals: <https://www.cdc.gov/coronavirus/2019-ncov/hcp/index.html>

WHO technical guidelines for Healthcare Professionals: <https://www.who.int/emergencies/diseases/novel-coronavirus-2019/technical-guidance>

Up to date case map from Johns Hopkins University: <https://gisanddata.maps.arcgis.com/apps/opsdashboard/index.html#/bda7594740fd40299423467b48e9ecf6>
